yield, improve some market grade characteristics, and decrease incidence of tomato spotted wilt tospovirus
Interactions of planting pattern and seeding rate with irrigation have been reported for several crops. Irrigation increased corn (Zea mays L.) yield when higher A ltering plant population and row pattern can afplant populations were established compared with lower fect crop yield, quality factors, and pest developplant populations when row pattern was held constant ment in peanut. Pod yield of bunch-type peanut was (Liang et al., 1992) . In contrast, corn yield did not in-16% higher when peanut was seeded in rows spaced crease when plant population was increased in absence 46 cm apart compared with 91 cm (Norden and Lips- of irrigation (Liang et al., 1992) . In soybean [Glycine comb, 1974) . Duke and Alexander (1964) reported pod max (L.) Merr.], increasing plant populations and deyield that was 14% higher in narrow row plantings comcreasing row width increased yield (Lehman and Lampared with traditional wider row patterns using largebert, 1960) . In cotton (Gossypium hirsutum L.), yield seeded Virginia bunch-type peanut. Spanish market increases were noted when seeding rate was increased type peanut planted in 46-cm rows yielded higher than and row spacing was decreased (Briggs et al., 1967 ; Heitpeanut planted in rows spaced 61, 76, 91, or 107 cm apart holt et al., 1992; Hoskinson et al., 1974) . at similar in-row plant populations (Parham, 1942) . Cox Determining interactions of seeding rate and planting and Reid (1965) reported that increasing plant populapattern with variables such as cultivar selection and tions by increasing in-row seeding rate or by decreasing irrigation will assist growers and their advisors in develrow width increased pod yield.
oping efficient production and pest management sysAlthough the majority of peanut in the USA is seeded tems for peanut. Therefore, research was conducted to in single rows spaced 91 to 102 cm apart, research sugcompare peanut pod yield, market grade characteristics, gests that seeding peanut in standard twin row patterns and TSWV severity when peanut was seeded in various (rows spaced approximately 18 cm apart with centers planting patterns, seeding rates, and cultural practices. of these rows spaced 91 to 102 cm apart) can increase siliceous, thermic, Typic Paleudults) with pH 6.1 and 2.3% organic matter. Peanut cultivars NC 10C (1999) and VA 98R (2000) were planted in mid-May on flat ground in conventionally tilled seedbeds. Plot size was 2 by 15 m. Corn was the previous crop during both years.
Treatments consisted of a single row planting pattern spaced 91 cm apart with in-row plant population of 12 seed m Ϫ1 , a standard twin row planting pattern with rows spaced 18 cm apart on 91-cm centers with in-row plant population of 15 seed m Ϫ1 (combination of the two twin rows), single row planting patterns with rows spaced 46 cm apart with in-row plant populations of 8 and 12 plants m Ϫ1 , and narrow twin row planting patterns with rows spaced 18 cm apart on centers spaced 46 cm apart with in-row plant populations of 4, 8, and 12 plants m Ϫ1 (combination of the two twin rows) (Fig. 1) . Peanut established in these planting patterns and seed spacings was grown with and without overhead sprinkler irrigation. The amount of total irrigation was 570 mm in 1999 (three irrigation events) and 380 mm in 2000 (two irrigation events). These irrigation treatments were applied in July when peanut foliage showed visible signs of wilting. No attempt was made to further quantify soil moisture status or plant stress. Rainfall was sufficient throughout the remainder of the season to prevent plant wilting and the need for irrigation. Aldicarb (O, S-dimethylacetylphosphoramidothioate) was applied in the seed furrow for each row at 7.8 kg a.i. ha Ϫ1 . Production and pest management practices other than row pattern, seeding rate, and irrigation were held constant over the entire test area and were based on North Carolina Cooperative Extension Service recommendations. Foliar and soil borne diseases were controlled with biweekly applications of fungicides. Chlorothalonil (tetrachloroisophthalonitrile) at 1.2 kg a.i. ha Ϫ1 was applied in early July followed by three applications of tebuconazole {␣-[2-(4-chlorophenyl)-ethyl]-␣-(1,1-dimethylethyl)} at 0.22 kg a.i. ha Ϫ1 each through late July and August. Chlorothalonil was also applied in early September. The experimental design was a split plot with irrigation system serving as whole plot units and planting pattern/seed spacing combinations serving as subplots. Treatments were replicated four times. Peanut was dug and vines inverted in early October of both years. No attempt was made to determine pod maturity among treatments using pod mesocarp color determination (Williams and Drexler, 1981) . Peanut pods were harvested after pods and vines were allowed to air dry for approximately 1 wk. The entire 2-m width of each plot was dug and inverted using a standard tworow digger with a bar attached to both blades to allow efficient digging of the narrow rows. A 1-kg sample of pods was collected at harvest from each plot to determine percentages of fancy pods (%FP), extra large kernels (%ELK), and total sound mature kernels (%TSMK) using Cooperative Grading Service criteria (USDA, 1998) .
Data for pod yield, %FP, %ELK, and %TSMK were subjected to analysis of variance appropriate for the two (year) ϫ two (irrigation system) ϫ seven (planting pattern/plant population combination) factorial arrangement of treatments. (2000) was cotton. The previous crop at Williamston plied as described previously. All other production and pest was tobacco (Nicosia tobaccum L.). Corn was the previous crop management inputs were common across the entire test area at Lewiston-Woodville during 2001 and 2002. and were based on North Carolina Cooperative Extension SerTreatments consisted of the cultivars NC-V 11, NC 12C, vice recommendations. Foliar and soil borne diseases were con-VA 98R, and Perry seeded in single rows spaced 91 cm apart trolled using the fungicide application schedule described preor in standard twin rows spaced 18 cm apart on 91-cm centers.
viously. In-row plant population was 12 and 15 seed m Ϫ1 in the single
The experimental design was a randomized complete block row and standard twin row planting patterns, respectively.
with treatments replicated four times. Peanut canopy developAldicarb was applied in the seed furrow as described prement was determined using a Sony DKC-ID1 digital camera viously. Peanut for all combinations of cultivars and row pat-(Sony Corp. of America, New York) with a spatial resolution terns were dug in late September and early October, spaced of 768 ϫ 561 pixels. Digital images were recorded approxi-10 to 16 d apart. These respective digging dates correspond mately biweekly beginning approximately 40 d after planting to 130 to 140 and 145 to 160 d after planting. The number of through 85 d after planting. The camera was mounted 2.13 m days required for the cultivars in this study to reach optimum above the soil surface in the center of an aluminum camera maturity ranges from 148 to 160 d after planting (Jordan, stand transversing two 91-cm peanut rows. The camera lens 2003). However, peanut in North Carolina are often dug bewas perpendicular to the ground, and the field of view was fore optimum maturity because of possible freeze damage and adjusted similarly for all plots. Three images were taken at concerns about excessive rainfall associated with hurricanes, random within the plot using a built-in supplemental flash. which could prevent efficient digging and harvest (Jordan, The images were automatically numbered in sequence and 2003). All other production and pest management inputs were stored in the camera in JPEG (joint photographic experts common across the entire test area and were based on North group) image format. Images were then transferred to a comCarolina Cooperative Extension Service recommendations.
puter via memory card reader and stored. Images were anaFoliar and soil-borne diseases were controlled using the fungilyzed using Adobe Photoshop 4.0 software, which converted cide application schedule described previously. Fields were the color images into black and white. Images were then anafumigated with metam sodium 2 wk before planting using a lyzed by PixelCounter 1.0 (North Carolina State Univ., Rasubsoiler designed to establish the point of application 18 to leigh) to determine the amount of black and white pixels for 25 cm below seed placement at Gatesville, Lewiston-Woodeach image by dividing the number of black pixels (representville, and Williamston. ing peanut leaflets) by the total number of pixels in the image. The experimental design was a randomized complete block
The percentage of black pixels was termed percent ground with a split plot arrangement of treatments. Digging date cover by peanut. The percent canopy cover for each plot was served as whole plot units with cultivars and planting pattern obtained by averaging the three values for images taken within combinations serving as subplots. Treatments were replicated individual plots. four times. Severity of TSWV was determined in mid SeptemPod yield and severity of TSWV were determined as deber using a scale of 0 (no symptoms) to 100 (the entire foliage scribed previously. A 1-kg sample of pods was collected at harof the plot expressing symptoms) for the experiments convest from each plot to determine %FP, %ELK, and %TSMK ducted in and 2002 (Bailey, 2001 ). This disease was not using a Cooperative Grading Service criteria (USDA, 1998). present at a visually measurable level at any location in 2000.
Data for TSWV, percent canopy closure, peanut pod yield, Chlorosis, plant stunting, and dead plants were considered and market grade factors were subjected to analysis of variance when making the visual estimates. Peanut was combined after appropriate for a two (year) ϫ two (cultivar) ϫ three (planting pods and vines were allowed to air dry for approximately 1 wk. pattern) factorial treatment arrangement. Means of significant Data for pod yield were subjected to analysis of variance main effects and interactions were separated using Fisher's appropriate for a seven (experiment) ϫ two (digging date) ϫ Protected LSD test at p Յ 0.05. Regression procedures were four (cultivar) ϫ two (planting pattern/plant population) facused to test linear and quadratic functions for canopy closure torial treatment arrangement. Data for TSWV were subjected vs. days after planting ( p Յ 0.05), based on results from the to analysis of variance appropriate for a four (location) ϫ factorial analysis. four (cultivar) ϫ two (planting pattern) factorial treatment arrangement pooled over digging dates. Data associated with digging treatments were removed from the analysis because The interaction of experiment ϫ digging date ϫ cultitwin row planting pattern with the single row pattern var was significant for peanut pod yield ( p ϭ 0.0252). either when the row spacing was 46 or 91 cm (Table 1) .
RESULTS AND DISCUSSION
However, interactions of experiment ϫ planting patHowever, pod yield was similar when comparing the tern ϫ cultivar (p ϭ 0.5679) and experiment ϫ digging standard twin row planting pattern with the narrow twin date ϫ planting pattern (p ϭ 0.1112) were not signifirow planting pattern regardless of in-row plant populacant. Although the interaction of planting pattern ϫ tion. Peanut yield in the narrow and twin row planting cultivar was not significant (p ϭ 0.3437), the main effect pattern exceeded yield in the single row planting patof planting pattern was significant ( p ϭ 0.0029). When terns. These data suggest that planting peanut in narrow pooled over experiments, cultivars, and digging dates, rows, either as twin rows or single rows, offers no advanpod yield increased from 4620 to 4770 kg ha Ϫ1 when tage over planting in standard twin row patterns. Lemon peanut was seeded in the standard twin row planting et al. (2001) reported similar yields when comparing pattern compared with planting in single rows (data not standard twin row planting patterns with narrow row presented). Previous research (Baldwin and Williams, planting patterns. 2002; Mozingo and Swann, 2000; Sullivan, 1991) reWhen pooled over years, pod yield was similar when ported higher yields when peanut was seeded in stanpeanut was seeded in standard and narrow twin row dard twin row planting patterns compared with single planting patterns, regardless of plant population, when row planting patterns. peanut was not irrigated (Table 1 ). In contrast, pod yield
The interaction of experiment ϫ cultivar ϫ digging was higher when peanut was seeded in the standard date (p ϭ 0.0252) was expected. Previous research (Jortwin row planting pattern than when seeded in the nardan et al., 1998; Mozingo 1991 Mozingo , 1996 Sholar et al., 1995) row twin row planting pattern at in-row populations of indicated that pod yield and market grades can vary 4 and 12 plants m Ϫ1 under overhead sprinkler irrigation. considerably among digging dates and environmental Additionally, pod yield in the standard twin row plantand edaphic conditions. At both Gatesville and Wiling pattern exceeded that of both row spacings and inliamston in 2000, pod yield of the cultivars NC-V 11 row plant populations in single row planting patterns and NC 12C increased when digging was delayed (Tawhen peanut was irrigated.
ble 2). At Gatesville, pod yield of the cultivars VA 98R With the exception of the main effect of year, all and Perry was similar at both digging dates. In contrast, other main effects and interactions were not significant delaying digging increased yield of these cultivars at for %ELK or %TSMK. When pooled over treatment Williamston. In contrast to these results, delaying digfactors other than year, the %ELK was 19% in 1999 ging resulted in lower yield for the cultivars NC-V 11 and 36% in 2000 (data not presented). The cultivars (2000 and 2002) and VA 98R (2000) at Lewiston-Wood-NC 10C and VA 98R were planted in 1999 and 2000, ville (Table 3 ). There were no differences in pod yield when comparing digging dates for a particular cultivar was increased by approximately 20% in the twin row Severity of TSWV was compared using data from planting pattern compared with the single row planting 2001 and 2002 only because visual symptoms of TSWV pattern. However, yield increases in twin row planting were not present in 2000. The interaction of experipatterns compared with single row planting patterns ment ϫ planting pattern ϫ cultivar was not significant have been noted when the plant population per hectare for TSWV (p ϭ 0.7149) or pod yield (p ϭ 0.2512).
was held constant or when the in-row seed spacing was However, the main effect of planting pattern was signifiincreased in the twin row planting patterns (Baldwin cant for these respective parameters ( p ϭ 0.0001 and and Williams, 2002; Mozingo and Swann, 2000) . 0.0007, respectively). Interactions of planting pattern ϫ
The severity of TSWV varied by experiment and culticultivar and experiment ϫ planting pattern were not var (p ϭ 0.0064, Table 5 ). With the exception of Lewsignificant for these parameters. The main effect of cultiiston-Woodville in 2002, where no difference in TSWV var and the interaction of experiment ϫ cultivar were severity was noted among cultivars, the cultivar NC-V not significant for pod yield; however, they were signifi-11 had lower levels of TSWV than all cultivars at Lewcant for %TSWV. (data not presented). Previous research (Baldwin and The cultivars NC 12C and Perry are assigned similar Williams, 2002; Johnson et al., 2001; Hurt et al., 2003) rankings in an advisory designed to assist in managing indicated that severity of TSWV can be reduced when TSWV for Virginia market type cultivars (Hurt et al., peanut is seeded in twin row planting patterns compared 2003). In this advisory, the ranking of VA 98R relative with single row planting patterns. While the yield into TSWV susceptibility is intermediate between NC-V crease of 240 kg ha Ϫ1 may have been partially attributed 11 and the ranking for NC 12C and Perry. to lower severity of TSWV, lack of an experiment ϫ planting pattern interaction for pod yield in the analysis
Peanut Cultivar Response to Planting Pattern
including all years and locations suggests that benefits and Row Spacing of seeding in twin row planting patterns is associated at least in part with factors other than TSWV management.
The interaction of year ϫ culivar ϫ plant population This was also demonstrated in the experiment involving was not significant for TSWV severity ( p ϭ 0.2915) or irrigation and planting pattern/in-row plant populations.
pod yield (p ϭ 0.7359). However, the interaction of In that study, pod yield was higher in the standard twin cultivar ϫ planting pattern was significant for TSWV row planting pattern compared with seeding peanut in severity (p ϭ 0.0101) but not for pod yield (p ϭ 0.3309). the single row planting pattern in the absence of TSWV The main effect of planting pattern was significant for (Table 1) . In both studies, plant population per hectare pod yield (p ϭ 0.0004), although the main effect of cultivar was not significant (p ϭ 0.1995). 3 to 9% for the cultivar NC-V 11, and there was no dif-
Pod yield
ference among planting patterns (Table 6 ). In contrast,
2002
18 to 23% TSWV was noted when peanut was seeded in single or standard twin row planting patterns for the increasing the seeding rate and/or planting the cultivar Lateral branches from adjacent rows in the narrow were seeded in twin row planting patterns compared twin row planting touched approximately 50 d after with single row planting patterns. However, in the plantplanting, whereas lateral branches from adjacent rows in ing pattern/in-row plant population study that included single and standard twin row planting patterns touched irrigation, no difference in %TSMK was noted between approximately 15 to 25 d later based on casual visual standard and narrow twin row planting patterns ( p ϭ observations. Canopy development in narrow rows would 0.0734).
have been greater than peanut in twin rows or single The %FP was affected by the interaction of year, rows; however, results from digital imaging showed no cultivar, and planting pattern (p ϭ 0.0238). The %FP difference among planting patterns. Digital imagery was similar for the cultivar NC-V 11 regardless of plantmay not be effective in quantifying canopy closure in ing pattern in 2001 (Table 7 ). The %FP was higher when peanut, and other methods may be needed to determine peanut was seeded in the standard twin row planting canopy closure of peanut more accurately. The interacpattern for the cultivar Perry compared with seeding tion of cultivar ϫ days after planting was also significant this cultivar in the single row planting pattern. In 2002, the %FP was lower in the narrow row planting pattern patterns, the linear function of canopy closure vs. days † Peanut canopy development was determined using a digital camera after planting, measured as percentage of ground cover, mounted 2.13 m above the soil surface of each plot. The percentage of black pixels was termed percent ground cover by peanut.
was significant for 2001 (y ϭ 1.284x Ϫ 0.005x 2 ϩ 0.782,
